An appropriate parking supply in cities should not only satisfy car travel demands but also restrict the number of car trips to reduce congestion and carbon emissions on road networks. This paper analyzes when car owners will abandon car driving based on a survey of the parking experiences of people in Changsha, China. The results indicate that car owners are most likely to abandon driving when the total time expenditure (including the search time and walking time) exceeds 20 min or the walking distance between a car park and a destination exceeds 400 m. In addition, car owners' decisions regarding different trip purposes (commuting, business, hospital trips, shopping and entertainment activities) are compared. Multinomial logistic regression models and correspondence analysis methods are applied to identify the factors influencing car owners' decisions. The results show that public transport and the parking pricing level near work places have a substantial impact on people's decisions: people will more readily abandon driving when the travel time of public transit decreases; age, occupation and annual household income have a significant influence on people's parking condition preferences for business trips and trips to hospitals; and the factor that primarily influences the mode choice for shopping and entertainment trips is annual household income. The outcome of this study can provide a basis for determining the optimal parking supply level and facilitate the realization of sustainable transportation.
Introduction
Traffic congestion and pollution are serious problems experienced by numerous cities. Governments usually construct new traffic facilities and roads to accommodate extra traffic. However, another approach is to reduce the traffic demand via demand management measures that affect traveler behavior. A large volume of motorized vehicles not only contributes to traffic congestion and traffic accidents but also increases energy consumption and environmental pollution. 1, 2 Therefore, the development of incentives that motivate people to abandon driving via traffic demand management is an effective measure for city management.
Parking demand management is a primary form of traffic demand management. Usually, drivers of private cars are attracted to an area when the parking supply level in that area is high and car parking is not limited. However, when the parking supply is not sufficient for the parking demand or car parking is limited, the behaviors of travelers will be affected, and more people will choose public transit over driving. 3, 4 As a result, the traffic demands on road networks will decrease. Therefore, we can control the proportion of car driving by controlling the parking supply. An appropriate parking supply in cities should not only satisfy the car travel demand but also contribute to reducing the volume of traffic on road networks. To obtain the optimal parking supply, the conditions under which car owners will abandon driving must be identified. This study attempts to identify the factors that influence car owners' decisions and analyzes the parking conditions under which different populations will abandon driving for different trip purposes.
Literature Review
Parking demand management has received significant attention from researchers and practitioners in recent years. Since the 1980s, most American cities have transitioned from implementing parking policies with minimum requirements to the use of parking demand management to alleviate the continual increase in traffic congestion. 5 A typical example is Manhattan, New York, where the maximal parking supply is limited to reduce traffic volumes. 6, 7 The Department of Transport of the United Kingdom (UK) investigated the relation between parking supply and traffic demand. 8, 9 They intended to learn how to use parking control strategies to reduce the traffic demand in congested areas of cities. Wu and Yan 10 analyzed the mechanism of parking demand management using microeconomics principles and suggested that parking demand management can not only optimize parking in time and space but also reduce the traffic demand. They summarized three approaches to parking demand management: strict parking enforcement, changes in parking pricing and a limited parking supply. Mingardo et al. 11 summarized three stages of parking policies that have been implemented in cities in Europe: parking rules, parking pricing and parking demand management (such as parking supply limits and park & rides). As an effective tool for addressing traffic congestion and parking challenges in cities, parking pricing has received a significant amount of attention from researchers and practitioners throughout the world. [12] [13] [14] [15] Many studies have demonstrated that low parking prices likely induce travel and encourage driving. Numerous studies and practices regarding parking pricing policies have been applied in parking demand management in many cities throughout the world. However, controlling the traffic demand by regulating the supply and spatial distribution of parking spaces will be a new avenue for future city traffic management.
A limited parking supply will cause some people to abandon car driving and choose other modes of transportation, such as public transit, bicycles or walking, because of an insufficient number of available parking spaces near their destinations or the substantial amount of time required to search for an available parking space. Traffic mode choices have been analyzed by many researchers. For example, the behavioral determinants of trip mode choice (private vehicles, buses or bicycles), the impact of life events, spatial context and environmental attitude on changes in commute modes, and commuters' reasons for driving and abandoning driving were analyzed. [16] [17] [18] [19] Schuppan et al. 20 suggested that the development of urban multimodal transportation should focus on mobility without a private car. Regarding the influence of parking supply on travel mode choice, Hensher and King 21 investigated the effects of parking pricing and supply by time of day on the trip mode choices of people in the Sydney central business district (CBD) in 1998 using a stated preference (SP) survey. A nested logit model of mode and parking choices was estimated to simulate the impact of supply pricing scenarios on a CBD parking share. The results indicated that parking prices significantly contribute to the CBD parking share. However, the authors did not consider the influence of parking-related time expenditure on people's trip mode choices, and only the CBD was analyzed. Using a sample data set collected in Montreal, Canada, Habib et al. 22 modeled the relationship between parking type choice and activity scheduling decisions (start time choice). However, they did not consider the impact of parking time expenditure and walking distance on travel mode choice. Bridgelall 23 developed an analytical framework to examine how parking supply and demand affects campus trip mode choice based on a case study of North Dakota State University in the United States. However, he did not quantify the parking time expenditure. Rotaris and Danielis 24 investigated the influence of a limited car park scale and a long distance between a car park and a destination on campus commute mode choice. Xiao et al. 25 studied carpooling behaviors during morning commutes considering parking space constraints.
Because the percentage of commuters in a city is large and the pattern of commuting is relatively fixed in time, traffic congestion on road networks is likely. [26] [27] [28] Most studies on parking management and travel behavior have focused on morning/evening commute periods. Few studies have addressed noncommuter travel behavior with elastic characteristics. For example, Simićević et al. 29 investigated the impact of increased parking prices on travel mode choice for different trip purposes (work, business, entertainment and shopping). Hensher and King 21 developed a model for mode and parking type choice using SP survey data. They indicated that the trip purpose has a significant influence on the parking accumulation profile of the Sydney CBD. Furthermore, Kusumastuti et al. 30 analyzed time, location and travel mode choices for leisure-shopping activities with sufficient data.
A limited parking supply will affect the travel mode choices of people. However, what is the optimal number of parking spaces that should be provided to attain optimal parking demand management? We lack sufficient data to answer this question. The relation between the parking supply and travel mode choice remains ambiguous. Based on a survey of the parking experiences of people in Changsha, China, this paper aims to determine when car owners will abandon car driving (e.g., the upper bound of time expenditure or walking distance for parking) and the factors that influence car owners' decisions. The outcome of this study can provide a basis for determining the optimal parking supply level and facilitate the realization of sustainable transportation.
Methods
To investigate the effect of parking supply on the trip mode choices of people, this study utilizes a questionnaire survey to analyze when car owners will abandon driving. This survey was performed in Changsha, China and is based on the daily travel experiences of participants.
Survey questions
For car owners, the level of parking supply directly affects parking efficiency and convenience, including the time spent searching for an available parking space and the walking distance between the car park and the destination. The questionnaire survey includes two questions aimed at obtaining information regarding the travel behaviors of car owners: (Q1) How many total minutes are you willing to spend on parking before you will abandon driving (the tolerable maximal total time)? The total time includes the search time, parking time and walking time. (Q2) What is the maximum acceptable distance between a car park and your destination before you will abandon driving (the tolerable maximal walking distance)? In reality, some people cannot accept very long walking distances regardless of the total parking time.
The trip purposes of people in cities can be classified into five categories: work, business trips (e.g., going to banks or post offices), hospital trips, shopping trips and entertainment (including catering and leisure). This study surveyed the travel behaviors of people with respect to these five purposes. Because the proportion of commute trips (work trips) in cities is large and destinations are relatively fixed, the questionnaire survey includes other questions, including the trip distance between a participant's residence and his/her work place, the preferred trip mode, the travel time by public transit, the travel time by driving and the parking pricing level near the work place. In addition, some work places (such as companies, institutions or campuses) have ample parking spaces for their employees, and employee parking is therefore very convenient and public parking spaces are not required. Therefore, a "parking spaces are sufficient for parking" option was added to the work trip survey. When a respondent belonged to this case, the investigator encouraged him (or her) to choose this option. This part of the sample is removed when the work trip analysis is conducted. The survey questionnaire is included in the appendix.
Surveyed population
This survey was conducted in Changsha, China. Changsha is a provincial capital city in central China. The city area is approximately 362 kmV, the population is 3,970,000 and the number of private cars owned by residents is 1,567,800. The existing number of parking spaces includes a total of 10,600 parking spaces in public car parks, 12,900 roadside parking spaces and 541,300 affiliated parking spaces in the city area.
The survey participants included residents of Changsha who own cars. They were instructed to answer questions according to their travel experiences in Changsha. The questionnaires were distributed and collected in person. Surveyors visited places such as shops, markets, streets, parks and enterprises or institutions to invite car owners to complete the questionnaires. To ensure that the respondents had sufficient time to carefully complete the questionnaire, mostly people who were waiting or resting were asked for their participation. After a surveyor had stated the purpose of the investigation, the respondent selected his (or her) responses to the items in the questionnaire and then returned it to the surveyor. If a respondent did not understand anything, he (or she) could immediately ask the surveyor for clarification. A total of 6500 questionnaires were distributed, 5922 of which were deemed valid.
Among the survey participants, the percentage of males was larger than the percentage of females. This finding is consistent with real cases (the percentage of male drivers is larger than the percentage of female drivers). Most participants were younger than 50, which is consistent with the age characteristics of the driver population. The occupations of most participants were jobs in enterprises or institutions. The annual household incomes of most participants ranged from 50,000-100,000 or 100,000-200,000 Yuan, which is consistent with the average income level in Changsha. The profiles of the surveyed people are listed in Table 1 .
Method of data analysis
The surveyed data were analyzed using the SPSS 22.0 statistics analysis software. The frequencies of the choices for each option were counted, and then the factors influencing the travel behaviors of the survey participants were analyzed.
Because the destinations and departing times of the work trips of each person were relatively fixed, many potential factors that may affect a person's travel behaviors, such as the distance/travel time by public transit or private car between a person's residence and work place, the first-choice travel mode within a normal 1950148-5 Int. J. Mod. Phys. B 2019.33. Downloaded from www.worldscientific.com by 52.11.211.149 on 04/02/20. Re-use and distribution is strictly not permitted, except for Open Access articles. amount of time, and the parking pricing level near the work place, were also known and should be considered in the analysis models. In this study, we attempted to apply multinomial logistic regression models to construct the relations between car owners' decisions (their answers to questions Q1 and Q2) and many factors and individuals' characteristics. This survey was based on car owners' daily trip experiences. For elastic trips, such as business, entertainment, hospital and shopping trips, the destination and travel time are not fixed; therefore, factors such as travel time/distance and parking pricing level do not have fixed values. A participant answered Q1 and Q2, and indicated an average value according to his/her daily trip experience. Therefore, only the variables of individuals' characteristics were included in the analysis models. Because of the small number of variables, we applied only correspondence analysis methods 31, 32 to describe the relation between a person's decision and individual characteristics, such as gender, age, occupation and income.
Results

Population distribution
Statistics regarding the collection of valid questionnaires showed that the number of persons choosing the option "parking spaces are sufficient for parking" was 1853 in the work trip survey, accounting for 31.29% of the surveyed population. However, 4069 car owners made other choices. The work trip analysis was based on this part of the sample (4069 car owners), while the elastic trip analysis was based on all 5922 questionnaires. The answers to Q1 and Q2 for different travel purposes are shown in Fig. 1 .
Although the choices of people for different purposes vary, the trends are similar, as illustrated in Figs "10 min", "15 min" and "20 min"; for Q2, a significant percentage of people chose "200 m" and "400 m". Car owners are most likely to abandon driving when the total time spent on parking, including the search time, parking time and walking time, exceeds 20 min or the walking distance between a car park and their destination exceeds 400 m.
Travel behaviors of commuters (work trips)
Characteristics of work trips in Changsha
According to the data, 31.8% of work trips require 5 km of travel, 36.9% of work trips require 5-10 km of travel, and less than 10% of work trips require more than 20 km of travel. Most work trip distances are not large, indicating that people tend to buy houses near their work places or find jobs near their residences. The survey indicated that 50% of persons choose to drive as their first-choice travel mode for their work trips, followed by public transit (27.7%) and walking (15.1%). The percentages of people choosing taxis and other modes of transportation (such as bicycles, motorcycles and employee commute vehicles) are very small. Regarding parking pricing levels at work places in Changsha, free parking accounts for a large Figure 2 shows the answers to Q1 and Q2 with respect to different individual characteristics and trip characteristics, with the exception of persons who chose "parking spaces are sufficient for parking" for work trips. The influence of individual characteristics is small, whereas the influence of trip characteristics is large.
As shown in Fig. 2 , for Q1, the proportion of participants who chose a small value ("10 min") or a large value (">40 min") distinctly changes with the values of the influential factors compared with the proportion of participants who chose medium values (15, 20, 25 or 30 min) . A high ratio of the population whose trip distance was less than 5 km, whose travel time by public transit or driving was less than 15 min, for whom parking was free or the parking fee was less than 5 Yuan per hour, or who chose walking as their first-choice travel mode selected a small value (10 min). For a short trip distance (with walking as the first-choice travel mode or with a short trip time, i.e., a short trip distance), people have more trip mode choices and are likely to abandon driving. Free parking or a low parking fee usually corresponds to places with a high parking supply, where people are accustomed to finding parking spaces within a short time. Therefore, they can accept spending only a small amount of time on parking. In addition, the population whose travel time by public transit or by driving exceeded 1.5 h is likely to choose a large value (">40 min") because a long trip distance encourages car use and people can accept a greater time requirement for parking.
For Q2, the proportions of respondents associated with each walking distance value range from 10-25%. A large proportion of the population whose trip time was less than 15 min if traveling by public transit, whose parking fee was less than 5 Yuan per hour or for whom walking was their first-choice travel mode selected a distance of "100 m". The population whose trip distance was greater than 20 km or travel time by public transit or driving was more than 1.5 h preferred selecting a distance of ">1000 m". In addition, the population whose trip time exceeded 1 h if traveling via private vehicle or for whom the parking fee at work places was greater than 15 Yuan preferred choosing "800 m". People tended to accept a long walking distance for a long trip distance/travel time or a high parking pricing level.
Model of the conditions under which car owners will abandon driving for work trips
To better analyze the influences of all factors on the travel behaviors of car owners for work trips, this study attempted to construct multinomial logistic regression models describing the relation between the questions (Q1 and Q2) and the variables of individual characteristics and trip characteristics based on the data, with the exception of the answer "parking spaces are sufficient for parking".
A multinomial logistic regression method is a type of discrete choice modeling. The set of values of the dependent variable y is {Y j }, j = 1, 2, . . . , n. Y i (i ∈ {1, 2, . . . , n}) is selected as the reference value. π j (j ∈ {1, 2, . . . , i − 1, i + 2, . . . , n}) is the conditional probability when y = Y j . The multinomial logistic regression model can be expressed as follows:
where k is the sequence number of independent variables; m is the number of independent variables;
x is the set of independent variables, x = {x 1 , x 2 , . . . , x k , . . . , x m }; s k is the sequence number, which highlights the s k th value in the set of values of the independent variable x k ;
x k,s k is 1 when x k assumes the s k th value; otherwise, x k,s k is 0; b j,0 and b j,k,s k are coefficients; and p is the probability. π j (j ∈ {1, 2, . . . , n}) should satisfy j∈{1,2,...,i−1,i+1,...,n} π j + π i = 1.
Independent variables may correlate, namely, multicollinearity may exist in the model. Multicollinearity will affect the precision of the regression model. In this study, multicollinearity among the independent variables was tested by calculating the variance inflation factor (VIF) before performing a regression analysis; the results are presented in Table 2 . The VIFs of all variables are less than 10, indicating that the variables do not exhibit multicollinearity. However, the VIFs of trip distance, travel time by public transit and travel time by driving are slightly large. In reality, a relation between distance and travel time is observed. A long distance corresponds to a long travel time. Therefore, the variable "trip distance" was removed from the regression analysis. The independent variables that were included in the regression analysis were gender (x 1 ), age (x 2 ), occupancy (x 3 ), annual household income (x 4 ), first-choice travel mode (x 5 ), travel time by public transit (x 6 ), travel time by driving (x 7 ) and parking fee (x 8 ). Tables 3 and 4 list the regression relations between the answers to Q1 and Q2, respectively, and their corresponding factors.
As shown in Table 3 , the travel time by public transit and parking fee have a significant influence on the answers to Q1. Other factors, including age, gender, 1950148-10 Int. J. Mod. Phys. B 2019.33. Downloaded from www.worldscientific.com by 52.11.211.149 on 04/02/20. Re-use and distribution is strictly not permitted, except for Open Access articles.
When will car owners abandon car driving? Table 4 . Regression relations between answers to Q2 and factors for work trips (>1000 m is the reference). Independent high probability of choosing "10 min" and "15 min", indicating that many people can accept only a short total time dedicated to parking (they easily abandon driving) when public transit is convenient. The population for whom parking was free or the parking fee was "<5 Yuan per hour" at their work places preferred to choose "10 min" and "15 min", indicating that they can accept only a short total time dedicated to parking. These conclusions are consistent with the analysis in Fig. 2(a) .
Using the data in Table 3 and Eqs. (1) and (2), the probability of choosing each option of Q1 can be estimated for each category of people. For example, π 1 , π 2 , π 3 , π 4 , π 5 and π 6 are the probabilities of choosing According to Eq. (2), π 1 = 0.33, π 2 = 0.27, π 3 = 0.21, π 4 = 0.07, π 5 = 0.09 and π 6 = 0.03. Therefore, the probabilities that this category of people chose "10 min", "15 min", "20 min", "25 min", "30 min" and ">40 min" are 33%, 27%, 21%, 7%, 9% and 3%, respectively; that is, this category of people are most likely to abandon driving when the total parking time exceeds 20 min.
As listed in Table 4 , the travel time by public transit, parking fee, occupancy, travel time by driving and first-choice travel mode have a significant influence on the answers to Q2. Age, gender and annual household income have no significant influence on the answers to Q2.
The regression coefficient for the enterprise employees who chose "100 m" is negative, which indicates that they tended not to choose "100 m". The ratios of the probability of choosing "100 m" to the probability of choosing ">1000 m" for persons whose trip time was less than 15 min and 15-30 min if traveling by public transit are 13.087 times and 8.728 times, respectively, that of persons whose trip time exceeded 1.5 h if traveling by public transit, indicating that people more readily abandon driving when their trip time is not long if traveling by public transit. People whose trip time was less than 15 min if traveling by private vehicles tended not to choose "100 m" (the regression coefficient is negative), which indicates that people will not abandon driving when it is convenient. People with low parking fees at their work places exhibit a high probability of choosing a small acceptable walking distance.
According to the regression results in Table 4 , for example, for enterprise employees with public transit as their first-choice travel mode, a trip time of 15-30 min if traveling by public transit, a trip time <15 min if traveling by private vehicle and a parking fee <5 Yuan near their work places, the value of x 3,1 , x 5,2 , x 6,2 , x 7,1 and x 8,2 is 1. Using Eqs. (1) and (2), we can obtain π 1 = 0.16, π 2 = 0.29, π 3 = 0.21, π 4 = 0.17, π 5 = 0.08 and π 6 = 0.09. Therefore, the probabilities that this category of people choose "100 m", "200 m", "400 m", "600 m", "800 m" and ">1000 m" are 16%, 29%, 21%, 17%, 8% and 9%, respectively; that is, this category of people are most likely to abandon driving when the walking distance after parking exceeds 400 m.
Travel behaviors for elastic trips
Elastic trips include trips for business (e.g., going to banks or post offices), trips to hospitals, and shopping and entertainment trips (such as catering and leisure). Elastic trips have no fixed destinations, and the starting trip time is variable. Elastic trips can occur at any time of day (usually during the daytime). For example, people go to a bank or post office in the morning or afternoon depending on their needs, trips to hospitals usually occur when a need arises (illness), and shopping or recreational travel occurs not only during the day but also in the evening. A high parking space occupancy indicates that the parking space supply is insufficient for the parking demand and that people are less likely to find available parking spaces; therefore, the required search time or walking distance will be longer.
This survey was based on car owners' daily trip experiences. The destination and travel time for elastic trips are not fixed; therefore, factors such as trip time/distance and parking fees do not have fixed values. A person could offer average values for Q1 and Q2 according to his/her daily trip experiences. Therefore, only individuals' characteristics were included in the analysis for elastic trips.
Chi-square significance test
The Chi-square significance test (as shown in Table 5 ) indicated that age, occupation and annual household income have a significant influence on the answers to Q1 and Q2 for business trips. In addition, gender significantly influences the answers to Q2 for business trips. Age, occupation and annual household income have a significant influence on the answers to Q1 and Q2 for trips to hospitals. Only annual household income has a significant influence on the answers to Q1 and Q2 for shopping trips. Only annual household income has a significant influence on the answers to Q1 for entertainment trips. Age and annual household income have a significant influence on the answers to Q2 for entertainment trips.
Correspondence analysis
Correspondence analysis methods 31, 32 were applied to analyze the factors influencing car owners' decisions.
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As indicated in Figs. 3(a) and 3(b), a larger ratio of people aged 31-40 yeaasrs old, a larger ratio of people with an annual household income of 0.1-0.2 million Yuan, and a larger ratio of people who work in institutions or governments chose "25 min" for the acceptable total parking time and "600 m" and "800 m" for the acceptable walking distance compared with people with other values (e.g., <30 years old, >40 years old, income <0.1 million Yuan or income >0.2 million Yuan) of the same variables. Compared with people with other values of the same variables (income or occupation), a larger ratio of people with an annual household income of <0.05 million Yuan or whose occupation was categorized as "other" chose ">40 min" for the acceptable total parking time and "100 m" and ">1000 m" for the acceptable walking distance.
As indicated in Figs. 3(c) and 3(d), the pattern for hospital trips is similar to that for business trips. Compared with people with other values of the same variables (age, income or occupation), a larger ratio of people aged 31-40 years old, a larger ratio of people with an annual household income of 0.1-0.2 million Yuan, and a larger ratio of people who work in institutions or governments chose "20 min" and "25 min" for the acceptable total parking time and "600 m" and "800 m" for the acceptable walking distance, whereas a larger ratio of people with an annual household income of <0.05 million Yuan or whose occupation was categorized as "other" chose ">40 min" for the acceptable total parking time and "100 m" and ">1000 m" for the acceptable walking distance.
As indicated in Figs. 3(e) and 3(f), compared with people with an annual household income of less than 0.3 million Yuan, a larger ratio of people with a high income of >0.3 million chose ">40 min" for the acceptable total parking time. Compared with people with an annual household income of more than 0.05 million Yuan, a larger ratio of people with a low income of <0.05 million chose ">1000 m" for the acceptable walking distance. Compared with people with low or high incomes, 
Policy and Suggestions
As shown in the above analysis, the travel mode choice (i.e., whether to travel by private car) of car owners under a limited supply of parking spaces has certain regularity, and the factors that affect decision-making for different travel purposes are different. In the development of an urban traffic management strategy, we can take full advantage of these laws to improve the effectiveness of decision-making.
In general, car owners are most likely to give up driving when the total time spent on parking, including the search time, parking time and walking time, exceeds 20 min or the walking distance to the destination after their vehicles are parked exceeds 400 m. Specifically, for work trips, as shown in Fig. 1, people The factors that affect decision-making (i.e., whether to give up traveling by private car) among car owners for different travel purposes are different. For work trips, the travel time by public transit and the parking fee have a significant influence on the answers to Q1. The travel time by public transit, parking fee, occupancy, travel time by driving and first-choice travel mode have a significant influence on the answers to Q2. People tended to choose short parking times or walking distances (i.e., they more readily abandoned driving) when the travel time by public transit decreased. Age, occupation and annual household income have a significant influence on people's parking condition preferences for business trips and trips to hospitals. The factor that primarily influences mode choice for shopping and entertainment trips is annual household income.
After understanding the circumstances under which people will give up car travel and the associated internal or external factors, we can modify some factors, such as improving the level of public transport services (e.g., shortening bus travel times), to increase people's willingness to give up self-driving. Because of a limited supply of parking spaces, parking time expenditure or walking distance attains a certain value, causing some car owners to give up self-driving. This phenomenon provides a basis for parking demand management. Specifically, assuming a particular study area (usually a central area in a city), we hope to control the traffic demand by controlling the parking supply to reduce road traffic congestion. Therefore, the goal is to meet the maximum parking demand (that is, car travel) under the network capacity constraint via an appropriate parking supply.
subject to [T, W ] = g(Q, H),
q p l is the traffic demand of population l of car owners (the population is characterized by age, gender, occupation and income) with trip purpose p (including work trips, entertainment trips, shopping trips, business trips and hospital trips). q p l is the number of car trips of population l of car owners with trip purpose p. f p is the proportion of car trips for trip purpose p and is related to the population characteristic (l), travel time by public transit (t B ), travel time by driving (t C ), parking pricing level (r) and the total time expenditure for parking (T ) or walking distance (W ), which can be obtained from the results of this survey. Formula (3) aims to maximize parking demand satisfaction. Formula (4) denotes the number of car trips of population l of car owners with trip purpose p. Formula (5) indicates that the time (T ) or walking distance (W ) required for parking is related to the total car trips (Q) under a given provision of parking spaces (H). A greater value of Q (i.e., more cars) corresponds to a greater value of T or W , which can be obtained through a survey. Similarly, if the number of car trips (Q) is constant, a greater parking space supply (H) corresponds to less time needed to park (i.e., T should be smaller). Formula (6) indicates that the total number of car trips must be compatible with the limitation of road network capacity.
Therefore, this study provides a basis for urban parking demand management. With an appropriate parking space supply (forcing some car owners to give up traveling by private car), we can control the number of car trips to reduce urban traffic congestion and pollution.
Conclusions and Future Prospects
The level of parking supply affects parking efficiency and convenience, including the time spent on parking and the walking distance between a car park and a destination. Based on the data collected regarding the travel experiences of people in Changsha, China, this paper analyzed the point at which car owners will abandon car driving. The questionnaire surveyed the acceptable maximal parking time expenditure of car owners (i.e., the minutes that a person will spend on parking before abandoning driving). In addition, in reality, some people cannot accept very long walking distances regardless of the total parking time. Therefore, the survey includes another question (i.e., the tolerable maximal walking distance) for car owners.
The trip purposes of people are categorized into five categories: work trips, business trips, hospital trips, shopping trips and entertainment trips. Car owners' decisions for different trip purposes are compared. The factors that affect the decision-making (i.e., whether to give up traveling by private car) of car owners for different trip purposes are different. For work trips, public transport and the parking pricing level near work places have a substantial impact on people's decisions. Age, 1950148-20 Int. J. Mod. Phys. B 2019.33. Downloaded from www.worldscientific.com by 52.11.211.149 on 04/02/20. Re-use and distribution is strictly not permitted, except for Open Access articles. occupation and annual household income have a significant influence on people's parking condition preferences for business trips and trips to hospitals. The factor that primarily influences mode choice for shopping and entertainment trips is annual household income.
This study can provide a basis for urban parking demand management, enabling researchers to understand the circumstances under which people will give up car travel and the associated internal or external factors. With a limited supply of parking spaces (forcing some car owners to give up self-driving), we can control the number of car trips to reduce urban traffic congestion and pollution.
This survey was based on car owners' daily travel experiences. The destinations of work trips are relatively fixed; therefore, information on trip distance/time and parking fees near work places was collected. However, for elastic trips, such as business, entertainment, hospital and shopping trips, the destination and travel time are not fixed; therefore, factors such as travel time/distance and parking pricing level do not have fixed values. A participant can offer average values for questions according to his/her daily trip experiences. Therefore, only the variables of individuals' characteristics were included in the elastic trip analysis. In a future study, an SP survey (which gathers information in addition to car owners' daily travel experiences) that includes factors such as travel time/distance and parking pricing level for elastic trips can be performed.
